Following an earlier analysis of a line crack in a spherical cap. the stresses in a cylindrinal shell containing anaxial crack are presented. The inverse square root singular behavior of the stresses peculiar to crack problems is obtained in both the extensional and bending components. This singularity may be related to that found in an initially flat plate by where the quantity in parentheses is positive. An approximate fracture criterion, based on Griffith's Theory. is also deduced, and bending-stretching interaction curves for this case are presented.
INTRODUCTION
In a recent paper(D, the stress fields in the vicinity of a line crack in a spherical cap were determined. It was pointed out that bending loads induce extensional stresses, and vice versa, so that the subject of eventual concern is the simultaneous stress fields produced in an initially curved sheet containing a crack.
Of the two simple geometries which may first come to mind, a spherical shell, and a cyclindrical shell, the former was studied first because the radius of curvature is constant in all directions, affording considerable mathematical simplification. In the latter case, however, the radius varies between a constant and infinity as one considers different angular positions with respect to the point of a crack aligned parallel to the cylinder axis.
In a previous treatment of this problem, Sechler and Williams (2) suggested an approximate equation based upon the behavior of a beam on an elastic foundation, and were able to obtain reaSonable agreement with experimental results. Using techniques developed earlier, the author has been able to investigate this problem analytically, and the results are given below; certain details of this work have been omitted here but may be found elsewhere(3)
FORMULATION

OF THE PROBLEM
Consider a portion of a thin, shallow cylindrical shell of constant thickness h and subjected to an internal pressure qo. The material of the shell is assumed to be homogeneous and isotropic; parallel to the axis there exists a cut of length 2c. Following Marguerre (4), the coupled differential equations governing the displacement function W and the stress function F, with x and y as dimensionless rectangular coordinates of the base plane (see Figure 1 ) are given by where R is the radius of the cylinder. As to boundary conditions, one must require that the normal moment, equivalent vertical shear, and normal and tangential in-plane stresses vanish along the crack. However, suppose that one has already found* a particular solution satisfying eqns 1 and 2, but that there is a residual normal moment My, equivalent vertical shear Vy, normal in-plane stress Ny, and in-plane tangential stress Nxy, along the crack I xl < 1 of the form-
Ny (p) = ~ no/C2 (5)
where mo and no will be considered constants for simplicity. Assuming, therefore, that a particular solution has been found, we need to find two functions of the dimensionless coordinates (x,y), W(x,y) and F(x,y), such that they satisfy the partial differential equations 1 and 2 and the following boundary conditions. At y = 0 and Ix1 > 1 we must satisfy the continuity requirements, namely * As an illustration of how the local solution may be combined in a particular case see Reference 3.
Oyn n = 0,1,2,3.
Furthermore, we shall limit ourselves to large radii of curvature, i.e., small deviations from fiat sheets; we thus require that the displacement function W and the stress function F together with their first derivatives be finite far from the crack. In this manner, we avoid infinite stresses and displacements in the region far away from the crack. These restrictions at infinity simplify the mathematical complexities of the problem considerably, and correspond to the usual expectations of St. Venant's principle.
METHOD OF SOLUTION
We construct the following integral representations which have the proper symmetrical behavior with respect to x, with k 4 = Ehc4/R 2 D
where the Pi (i = 1, 2, 3, 4) are arbitrary functions of s to be determined from the boundary conditions, and the + signs refer to y > 0 and y < 0, respectively. Also a = i½, ~ = (-i)½. Assuming that we can differentiate under the integral sign, formally substituting eqns 13 and 14 into eqns 7-10 yields respectively: +P2 vsis+x~)(l+ ) cosxsds=O;{x{>l
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We have thus reduced our problem to solving the dual integral equations 15, 17, 21, and 22 for the unknown functions Pl(s) and P2is). These may be transformed to a set of coupled singular integral equations of the Cauchy type, a solution of which may be found in a series form for small values of the parameter k. Details of the method of solution may be found in Reference 3. It is an easy matter to show that the physical range of )t is 0 .4 )t ,~ 20 and for most practical cases 0 <_ k • 2, depending upon the size of the crack.
Without going into the details, the displacement and stress functions are: 
As a result of the Kirchhoff boundary condition, the bending shear stress 7"xy b does not vanish in the free edge. For the flat sheet this difficulty was discussed by Knowles and Wang who considered Reissner bending(5). Furthermore, it is apparent from the above equations that there exists an interaetion between bending and stretching, except that in the limit as k--0 the stresses of a flat sheet are recovered and coincide with those obtained previously for bending (6) and extension (~) . We are thus in a position to correlate, at least locally, flat sheet behavior with that of initially curved specimens. As a practical matter, consider a shell subjected to a uniform internal pressure qo with an axial extension N x = q°R , My = 0 far away from the 2 crack (see Figure 2) . The stresses along the line of crack prolongation are found for v = 1/3 and k = 0.98 to be:
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where, based on the Kirchhoff theory, the stresses ~x and (r have the same sign but differ in magnitude. This difference is due to th~ fact that in a cylindrical shell the curvature varies between zero and a constant as one considers different angular positions with respect to the line of the crack. On the other hand, for a spherical shell (2) and for a flat plate(6) , for which the curvature remains constant in all directions, we obtain a "hydrostatic tension" stress field.
FRACTURE CRITERION
In precisely the same manner used for a fracture criterion for a spherical cap, we derive the following approximate criterion for a cylindrical panel, at v = 1/3 and the Griffith stress (r* = (16G3,*/;rc)½: Figure 4) . The author conjectures that this is due to the slower rate of convergence of the former case and that, when higher orders of ~t are used in the solution, the curves will correct themselves to give the same trend. 
CONCLUSIONS
As in the case of a spherical shell, (i) the stresses are proportional to 1/q'~" (ii) the stresses have the same angular distribution as that of a flat plate (iii) an interaction occurs between bending and stretching (iv) the stress intensity factors are functions of R; in the limit as R--*-we recover the flat plate expressions.
Thus we may write 
